All organisms are exposed to variation in ambient temperature. Such variation typically has direct effects 4 1 on the physiology and population dynamics of ectotherms, ultimately exerting a marked influence on 1 0 1 case of the predominance of a thermodynamic effect, but absent or weak in the case of temperature to 0.7 eV or perhaps steeper (23, 26, 29) . We compiled data from published literature on optimal temperature and maximal performance (T opt and 1 1 0 U max (sensu 37) for whole organismal traits expected to be closely related to fitness including rates of for these traits, making it possible for the database to cover the majority of the world and a diverse range compilations of data and their reference lists were also searched (26, 28, 32, (43) (44) (45) (46) included the full taxonomy of all organisms as given by the primary publication, and adjusted for 1 2 0 synonymy where appropriate based on online repositories (such as www.algaebase.org or www.gbif.org).
2 1
The analyses were done according to the species lists as generated by the online tree of life (47). The from GBIF occurrence records using the 'rgbif' (48) and 'spocc' (49) packages in R (50) and used for that species. In cases where GBIF records were lacking the origin was estimated from other sources 1 2 8
(described for each record in the database, Table S17 ). For locomotion we included ln-transformed body 1 2 9
length as a covariate, and for developmental rates we included ln-transformed dry mass as a covariate 1 3 0 because of significant allometry of these traits (see results). Snout-vent length (for reptiles and anurans) other sources when not available (described for each record in the database, Table S17 ). Dry mass 1 3 3 estimates were sourced from the original literature when given or inferred from length or fresh mass 1 3 4 measured available using specific relationships given by Hodar (51) and Ganihar (52). In all cases the 1 3 5 sources and relationships used to generate dry mass estimates are given in the database. Data were analysed using phylogenetic mixed models (53-55), which were implemented in the 'ASReml- the data and were excluded on these grounds. Twenty-two records were removed because they could not 1 4 6 be matched to climate data, one record was removed because the temperature of the warmest quarter was 1 4 7 less than 0 °C; the remaining records were excluded because they data were presented in units that could 1 4 8 not be reasonably converted to match the majority of the remaining data. the difference between the mean temperature of the warmest quarter and the mean temperature of the 1 5 5 coldest quarter, also calculated from the MODIS Land Surface Temperature dataset. These data were 1 5 6 downloaded and analysed using the 'MODIS' (62), 'raster' (63), and 'xts' (64) packages in R (50). Phylogenetic mixed models were selected over the more commonly used methods of independent for the estimate of phylogenetic heritability was calculated using the R 'pin' function (69). We used phylogenetic mixed models to investigate the relationship between optimum temperature (T opt ) 1 7 9
and environmental temperature (T env ), measured here as mean temperature of the warmest quarter Interaction terms in these models were always non-significant. Thus, only models with additive 1 8 5
combinations of main effects are presented. For all traits a strong phylogenetic signal was detected 1 8 6 (Phylogenetic heritability  0.82 -0.98; Tables S1-S4). In the case of the relationship between natural log-transformed maximal performance (U max ) and 1 8 8 our measure of T env , no relationship was found for any of the performance traits (Figure 3) . Again, 1 8 9
interaction terms were never significant and the phylogenetic signal was strong (Phylogenetic By contrast with these variable outcomes, a positive relationship between maximal performance 1 9 2 (U max ) and optimal temperature (T opt ) was characteristic of all the traits examined in models that 1 9 3 considered only main effects without interaction terms: development rate, growth rate, locomotion speed 1 9 4 9 and photosynthetic rate (Figure 4 , Tables S9-S12), again with much variation about the central 1 9 5
tendencies. In the full factorial models, however, phylum and T opt showed significant interactions ( Table   1 9 6 S13) for growth rate, as did T opt and phylum for locomotion rate (Table S14 ). Data for growth rate were 1 9 7 therefore further subdivided by phylum ( Figure S1 ), but there were locomotion data for too few species of 1 9 8
arthropod to formally estimate model parameters for this phylum alone. Significant positive relationships 1 9 9
between U max and T opt characterised the subdivided datasets (Table S15 ). When converted to activation 2 0 0 energy, values ranged between 0.16 and 0.68 eV, with a mean of 0.37 ± 0.08 [SE] eV, which is 2 0 1 significantly different from the value of 0.60 eV predicted from theory (26) (t 5 = -2.93, p = 0.03), but not 2 0 2 from 0.54 eV (t 5 = -2.16, p = 0.08), previously a minimum empirical value (23). form such adaptation might take, as reflected in the relationship between temperature and biological rates, including the influences of global climate change (6, 20, (35) (36) 40) . For example, if the thermodynamic 2 1 0 effect predominates in the relationship between U max and T opt , rising temperatures might prove largely 2 1 1 beneficial for ectotherms except perhaps in the tropics (though see 44) because biochemical constraints 2 1 2 are reduced. By contrast, if some form of compensation is more common, changing temperature regimes 2 1 3 may have less of an effect on performance (9, 11, 36) . Thus, which of these major relationships between 2 1 4 U max and T opt predominate is of both fundamental and applied significance. Previous examinations of the relationship between U max and T opt have come out strongly in favour predicted range of 0.6 to 0.7 eV (23), or larger, implying a stronger thermodynamic effect than 2 1 8 theoretically predicted (26). Based on a much larger suite of data, spanning a wide range of localities, 2 1 9 habitats and taxa, and several key performance traits, we also find that the thermodynamic effect is 2 2 0 1 0 generally supported for the relationship between U max and T opt . In contrast with previous investigations, 2 2 1 however, we find this effect (on average an activation energy of 0.37 ± 0.08 eV) much weaker than 2 2 2 proposed by theory or previously found empirically (i.e. 0.6-0.7 eV, or 0.54 to 0.97 eV) (23, 26). Thus, 2 2 3 while a thermodynamic effect is general, it is not pronounced. The difference between this finding and that of previous studies might owe in part to the inclusion 2 2 5 of a specific plant performance trait, photosynthetic rate, in the current investigation. The activation photosynthetic rate excluded, the mean activation energy increases to 0.41 ± 0.08 and is not significantly 2 2 8 different from 0.54 (t 4 = -1.57, p = 0.19) or 0.60 (t 4 = -2.30, p = 0.08). This change does, however, point 2 2 9
to a further explanation for the different outcomes between our study and others. The consideration of 2 3 0 organisms from a wide variety of environments, which represent several life history types and trophic 2 3 1 groups is likely to mean much larger variation in the way U max and T opt are related, and how these traits 2 3 2 are related to environmental temperature (11, (33) (34) 40) . For example, owing to their restricted 2 3 3 movement capability, plants may be expected to show a much greater level of thermal compensation than 2 3 4 ectotherm animals, which can behaviourally select among a diversity of thermal microenvironments 2 3 5 available to them in any given larger setting (4, 71). Indeed, temperature compensation of respiration 2 3 6 rates in plants of several different groups is commonly found (5, 9, 20) . The same preponderance of 2 3 7 compensation might be expected in aquatic versus non-aquatic groups, given the thermal inertia of 2 3 8 aquatic environments (72). In the one case where we were able to draw such an explicit contrast -for 2 3 9 locomotion speed in aquatic versus non-aquatic chordates (Table 1; Figure S1 ) -the variation is in the 2 4 0 direction predicted, with no significant relationship between U max and T opt for the aquatic group. Nonetheless, for metabolic rate variation the reverse seems to be true, with compensation being less 2 4 2 commonly found in aquatic marine groups than in terrestrial species (11-12).
4 3
The relatively weak relationship between U max and T opt does point to the fact that some form of 2 4 4 thermal compensation is characteristic of all the organisms we examined, in keeping with long-standing 2 4 5 contentions about the importance thereof (10, 13). The typical absence of a relationship between U max and 2 4 6 1 1 T env here also supports this contention, because the absence of a relationship is predicted by the 2 4 7 hypothesis of temperature compensation (42). For photosynthesis rate, the outcome is clearly in keeping 2 4 8
